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1.  Introductlo Q 
I  hav e develope d a  questio n answerin g progra m tha t 

wil l  answe r  question s abou t  simpl e stories .  I n m y pro -
gram ,  question-answerin g i a divide d u p int o tw o separat e 
processes :  1 )  answerin g formatio n an d 3 )  answe r  expres -
sion .  Th e progra m first  look s dow n a  causa l  chai n whic h 
i s forme d b y th e story-understandin g progra m an d 
figures  ou t  i n wha t  par t  o f  th e chai n th e answe r  lies .  Th e 
answer  ca n als o b e a  subse t  o f  th e chain ,  sometime s a 
quit e lon g one .  Th e secon d par t  o f  th e progra m take s 
thi s lon g chai n an d decide s wha t  thing s ar e importan t  t o 
expres s t o th e questioner .  Thi s answe r  expresse r  use s 
genera l  rule s o f  expressio n t o figure  ou t  wha t  i t  need s t o 
includ e t o mak e th e answe r  understandable ,  informativ e 
and interesting . 

Thi s solutio n i s diSeren t  fro m othe r  question -
answerin g algorithm s (e.g .  Winogra d 1972 ,  Lehner t  1977 ) 
whic h vie w questio n answerin g a s on e process .  Thes e 
program s gathe r  possibl e answers ,  an d the n choos e th e 
"best "  answe r  fro m amon g them .  M y syste m first  get s th e 
chai n whic h I  conside r  t o b e th e answe r  t o th e question , 
and the n figures  ou t  whic h part s o f  th e chai n shoul d b e 
generate d int o Englis h a s th e answer .  Th e advantag e o f 
my approac h i s tha t  i t  allow s on e t o trea t  th e answe r  a s 
one entit y an d us e th e answe r  expressio n mechanis m t o 
expres s wha t  peopl e ar e intereste d in .  Th e resxiltin g 
answer s ar e generall y mor e informativ e an d conversa -
tionall y appropriat e tha n thos e generate d b y othe r  algo -
rithms . 

The progra m work s i n conjunctio n wit h PAMELA,  a 
stor y understandin g progra m tha t  specialise s i n goal -
base d stories .  (¥Uensk y 1977 ,  WUensk y 1981 .  Norvi g 
1982 )  Afte r  a  stor y i s initiall y  'read '  b y PHRAN,  a  parser . 
(Aren s 1981 )  i t  i s  the n passe d t o thi s PAMELA an d 'under -
stood' .  Th e questio n answerin g progra m i s passe d a  data -
bas e whic h consist s o f  events ,  inferences ,  an d mos t 
importantly ,  fo r  m y purpose ,  causa l  chain s whic h 
instantiat e event s i n th e stor y a s step s o f  particula r 
plan s an d plan s fo r  particula r  goals .  Containe d i n thi s 
causa l  chai n i s th e actua l  'understanding '  o f  th e 
sequenc e o f  event s i n th e story ,  wha t  cause d what ,  an d 
what  goa l  actor s ha d i n min d whe n the y performe d a  par -
ticula r  ac t  o r  plan .  Afte r  a  questio n i s asked ,  thi s ques -
tio n i s parse d b y th e sam e parse r  tha t  parse d th e story , 
and the n th e answe r  i s formulate d b y lookin g a t  th e 
database .  Finally ,  th e answe r  i s passe d t o th e answe r 
expresse r  whic h send s th e answe r  t o a  natura l  languag e 
generator . 
2. Program Ezamplea* 

The followin g example s wer e processe d b y m y pro -
gram . 
Story :  Susa n save d he r  mone y fro m he r  allowance .  On e 

day sh e rod e he r  bik e t o th e bookstor e an d bough t 
th e boo k tha t  he r  teacher  ha d recommended . 
Susa n di d ver y wel l  o n he r  mat h tes t  th e followin g 
week. 

Q:  Why di d Susa n bu y th e book ? 
A:  S o tha t  sh e coul d stud y fro m i t  an d 

do wel l  o n he r  exam . 

Q:  Ho w di d Susa n d o s o wel l  o n he r  mat h exam . 
A;  Sh e bough t  a  boo k tha t  he r  teache r  ha d 

recommende d an d studie d fro m it . 
Q: How did she get the book? 
A:  B y ridin g he r  bik e t o th e bookstore . 

3w nndin g th e Bes t  Answe r 

A difficult and important part of answering a ques-
tio n i s no t  i n finding  a n answe r  t o th e question ,  bu t 
finding  th e bes t  answer .  I n a  databas e o f  causa l  chains , 
i f  on e ca n find  a n even t  i n th e databas e the n ther e m a y 
be m a n y possibl e answer s t o a  give n question .  Conside r 
th e previou s story . 
If we ask: 
Question2: Why did Susan buy the book? 

The following answers ais obtained by stepping at 
diSeren t  o n th e causa l  chain . 
Answer2a :  Becaus e sh e wante d t o hav e it . 
AnswerSb :  Becaus e sh e wante d t o rea d it . 
Answer2c :  Becaus e sh e wante d t o kno w math . 
AnswerSd :  Becaus e sh e wante d t o d o wel l  o n he r  exam . 
Not e tha t  th e item s neare r  th e to p o f  th e goa l  structur e 
constitut e bette r  answer s althoug h th e bes t  answe r 
woul d b e somethin g like : 
Answer2e: So that she could study it and do well 

on he r  mat h tes t 

However ,  i n a  mor e complicated  story ,  merel y look- . 
in g t o th e en d o f  chai n migh t  no t  wor k quit e a s wel L Fo r 
example ,  i f  i n th e previou s stor y w e added : 

She pu t  th e boo k o n he r  hea d an d learne d th e 
materia l  throug h osmosis .  Susa n di d ver y wel l  o n 
her  mat h tes t  th e followin g week . 

Clearly ,  Answer2 d i s n o longe r  a  goo d ainswer . 
One possibl e solutio n includin g onl y 'Important ' 

answers .  Importan t  inference s migh t  includ e abnorma l 
plans ,  natura l  disasters ,  etc .  Th e proble m wit h thi s wa s 
tha t  eve n thoug h thes e 'important '  inference s definitel y 
shoul d b e include d i n th e answer ,  on e shoul d no t  neces -
saril y  sto p a t  tha t  poin t  i n th e chai n an d sa y tha t  thi s i s 
th e answer .  Fo r  example ,  jus t  stoppin g a t  'important ' 
event s i n respons e t o question 2 on e woul d get : 
Answer2f: So that she could put it put it on her head. 
An3wer2g :  S o tha t  sh e coul d lear n b y osmosis . 
which is less desirable than: 
Answer2h :  S o tha t  sh e coul d lear n fro m th e mat h 

boo k b y osmosi s an d d o wel l  o n he r  exeim . 
4. OividiDc up the Questioa Answering Process 

My progra m i s abl e t o find  thes e bette r  answer s be -
caus e o f  th e separatio n o f  finding  th e einswe r  (th e subse t 
of  th e chain )  fro m expressin g th e answe r  t o th e user .  In -
stea d 1  us e th e tw o programs : 
Answer-Formulato r  look s dow n a  causa l  chai a figures 

out  wher e wha t  part s o f  th e chai n ar e relevan t  t o a n 
answer  an d return s a  chain . 

Intelligent-Expresser :  take s thi s causa l  chai n a s input , 
figure s ou t  fro m it s genera l  rule s o f  expressio n wha t 

Thi *  researc h wa s sjxjnaore d i n par t  b y th e Offic e o f  Nava l  Researc h 
under  contrac t  N00014-80-C-073 Z an d th e Nationa l  Scienc e Foundatio n 
under  gran t  UCS79-0ee43 . 
•At this point the program is not connected to the natural language 
parse r  a t  Berkele y calle d PHBAN o r  th e generato r  PEIRE O (Wilenak y an d 
Arens ,  1980) .  Th e question s an d onswer s ar e therefor e translate d from . 
th e conceptua l  for m I  no w use . 
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i s  importan t  t o sa y s o tha t  th e questione r  wil l  a ) 
understan d th e answe r  an d b )  ge t  th e lan d o f  infor -
matio n tha t  peopl e ar e generall y intereste d in ,  an d 
output s t o a  natura l  languag e generator ,  som e in -
termediat e for m fro m whic h i t  coul d generat e a n 
answer . 
For  example ,  m y progra m woul d produc e answerS e 

abov e b y th e followin g process .  Firs t  i t  woul d find  Susa n 
buyin g th e boo k i n th e databas e an d the n follo w th e 
chain ,  i n thi s case ,  t o wher e i t  find s tha t  sh e di d wel l  o n 
her  exam .  Thi s whol e par t  o f  th e chai n woul d b e passe d 
t o th e expressio n mechanis m whic h woul d notic e tha t 
studyin g th e boo k an d doin g wel l  o n he r  exa m wer e 
importan t  part s o f  th e answer .  I n thi s case ,  th e 
Intelligent-Expresse r  use s th e genera l  conversationa l 
rul e o f  no t  informmin g someon e o f  somethin g the y 
alread y know .  Havin g th e boo k an d readin g th e boo k ar e 
thereb y eliminate d becaus e the y ar e store d i n th e dat a 
bas e a s normativ e purpose s fo r  buyin g an d fo r  havin g a 
book ,  respectively . 

Thi s approac h als o allow s on e t o generat e answer s 
tha t  wer e otherwis e problemati c t o represen t  i n a  con -
ceptua l  form .  Fo r  example ,  th e simpl e question : 
Questions: Did Susan go to the bookstore? 
Answers :  Yes .  sh e rod e he r  bik e there . 
The answer is obviously yes, because this event appears 
i n th e database .  However ,  'yes '  i s  somethin g tha t  i s 
dUEcul t  t o represen t  i n conceptua l  form.  'Yes '  i s  no t 
reall y a  concep t  bu t  rathe r  a  wor d tha t  i s almos t 
exclusivel y use d i n a  conversation .  Th e answe r  formatio n 
par t  o f  m y syste m look s i n th e databas e fo r  concept s 
simila r  t o goin g t o th e bookstore .  Realizin g tha t  ridin g 
t o th e bookstor e wa s simila r  t o goin g ther e i t  woul d 
answer : 
(ride 

(acto r  (perso n (objec t  susanl)) ) 
(objec t  (bicycl e (objec t  bicycl e 1)) ) 
(destinatio n (bookstor e (objec t  bookstorel)}) ) 

This part of the chain and the context in which the ques-
tio n wa s aske d i s passe d t o th e answe r  expressio n par t  o f 
th e program ,  tha t  woul d a )  se e tha t  thi s i s  a  simpl e ver -
if y question ,  b )  realiz e tha t  th e concep t  t o b e verifie d 
was i n fac t  foun d i n th e databas e i n a  slightl y dUIeren t 
for m an d c )  figur e ou t  tha t  i t  shoul d answe r  'yes '  plu s 
some uitermediat e for m tha t  represent s tha t  i t  shoul d 
includ e th e rid e concept . 

Thi s sam e metho d ca n b e extende d t o othe r  type s o f 
verif y questions .  Fo r  example , 
Question4: Did Susan ride her bike to the bookstore 

so tha t  sh e coul d d o wel l  o n he r  mat h test ? 
Answer4 :  Yes ,  sh e bough t  a  boo k a t  th e bookstor e 

whic h sh e use d t o stud y fo r  he r  exam . 
Questions: Did Susan buy the math book so that she 

coul d d o wel l  o n he r  mat h test ? 
AnswerS :  Yes ,  sh e use d i t  t o stud y fo r  he r  exam . 

The answer formation part looks to see if a chain with 
th e startin g plac e o f  'ridin g t o th e bookstore '  an d end s 
wit h 'doin g wel l  o n he r  mat h test' ,  exist s i n th e database . 
Thi s whol e chai n doe s exis t  an d includes ,  sh e rod e t o th e 
traokstor e wa s a  pla n fo r  bein g a t  th e bookstore ,  whic h 
was a  preconditio n fo r  buyin g a  book ,  whic h wa s a  pla n 
fo r  havin g th e boo k whic h wa s a  ste p o f  readin g th e book , 
whic h wa s a  pla n fo r  knowin g th e mat h material ,  whic h 
was a  goa l  fro m doin g wel l  o n he r  exam. . 

The answe r  expressio n par t  o f  th e progra m get s thi s 
chain ,  realize s i t  shoul d answe r  'yes '  an d decide s ho w 
much i n additio n t o th e 'yes '  i t  woul d nee d t o includ e i n 
th e answer .  Notic e ho w i n Answer *  i t  ha d t o includ e 
mor e informatio n fro m thi s chai n tha n i t  ha d t o includ e 
i n Answers . 

not  somethin g tha t  i s designe d t o b e use d exclusivel y i n 
question-answerin g bu t  woul d b e a  syste m tha t  woul d b e 
valuabl e i n an y contex t  wher e a n interactiv e natura l 
languag e syste m woul d b e Important .  I t  difler s fro m a 
generato r  i n tha t  i t  doe s no t  merel y generat e somethin g 
fro m a  conceptua l  for m Int o English ,  bu t  rathe r  decide s 
what  kind s o f  thing s ar e importan t  t o b e said ,  whic h i s 
the n passe d t o a  generator .  Hopefully ,  thi s kin d o f  sys -
te m coul d b e expande d t o wor k o n othe r  conversationa l 
task s a s well . 
Raferance a 

Lehnert, W., 197B. The Process of Quastion Answer-
ing :  A  Compute r  SirradatioT i  o f  Cognition ,  Hills -
dale ,  N.J .  Lawrenc e Erlbau m Associates ,  Inc . 
WUonsky.  R .  ,  1978 .  Undarstanctin g Coal-Base d 
Stones .  Technica l  Repor t  140 ,  Compute r  Scienc e 
Department .  Yal e Univarsity ,  Ne w Haven ,  CT . 
WUensky,  R  an d Arens .  Y .  198 0 P H F A N -  a 
Knowledg e Base d Approac h t o Natura l  Languag e 
Analysis .  Universit y o f  Californi a a t  Berkeley .  Elec -
troni c Researc h Laborator y Memorandu m No . 
UCB/ERL M80/34 . 
Wilensky ,  R .  1981 .  Meta-planning :  Representin g 
and usin g knowledg e abou t  plannin g i n proble m 
solvin g an d natura l  languag e understanding .  Cog -
nitiv e Sciance .  Vol .  S .  No .  3 .  1981 . 
Winograd ,  T .  197 2 [Mderstandin g Natura l  Language . 
New York .  Academi c Press . 

5.  Concluaio a 
Thi s intelligen t  expressio n par t  o f  th e progra m i s 
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